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Inviscid Core Boundary Layer
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l Entrance Length
Developing Flow

Laminar and turbulent flow

P

(
\

Velocity _

During laminar flow (smooth, steady flow) the flow profile is parabolic, with the fluid travelling most quickly at the centre of the tube and not
moving at the edges of the tube. During turbulent flow (fluctuating and agitated flow) the flow profile is essentially flat, with all fluid travelling
at the same velocity except at the tube edges where flow velocity is zero.
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LemgO D' and Z-Value Data base ILTINRW THv TECHNISCHE m')cuscuuu
LDz-Base for Food /  DOWL i

|+ Home -+ New search + History -+ Aboutus -+ Contact

Welcome to the Lemgo D- and z-value Database for Food 1.1
LDz-Base

The Lemgo D- and z-value Database for food is a project of the Institute for Food Technology.NRW (ILT.NRW) at the OWL University of Applied Sciences and
Arts. More information about the involved departments you can find + here.

While installing a new food product line you always have to put a lot of effort in research finding the right parameters for sterilization of the ingredients or of the
final product. Although in literature a lot of data are available in a certain case it is difficult to find matching D-values.

In this database you will find the parameters needed to design your pasteurization or sterilization project. While we are collecting all sorts of D- and z-values
describing the characteristics of thermal death, at the moment our main focus is on beverage spoiling microorganisms. With each D-value you will find
information about parameters known to have an effect on these like pH-, Brix- and aw-value. The data are sorted by the species of microorganism and their
medium.

To complete our product additional information e.g. about the experiments the data was derived from or cluster of relevant data are given. Using this information

you not only have the opportunity to optimize parameters of your current workflow, but you can estimate how your workflow will react to changes in certain
parameter.

If you are interested in older versions of the Database have a look in our + history.

| Find your data now |

[ © Thomas Althoff, 2006, Knut Schwarzer, 2007 -+ Privacy / Terms of use & Imprint |
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GUIDELINES FOR MICROBIOLOGICAL VALIDATION OF THE
STERILIZATION OF ASEPTIC FILLING MACHINES AND
PACKAGES, INCLUDING CONTAINERS AND CLOSURES



6.7. Determination of Microbiological Challenge Locations for the Packaging
Material Sterilization

6.7.1. Depending on the technological solution adopted by the manufacturer, the
packaging material may first be sterilized and then aseptically formed into
packages, the packages may be formed under non-aseptic conditions and
then be sterilized, or the packaging material can be pre-sterilized.

6.7.1.1.

6.7.1.2.

6.7.1.3.

6.7.1.4.

Every spot on the surface of the packaging material or a preformed package may not
receive the same sterilization.

There may exist one or more spots on the surface of the packaging matenal, the
“weakest point,” that is likely to receive the least sterilization dose.

With the aid of physical, chemical and geometrical considerations, including fluid-
dynamic modelling, the package or packaging matenal should be "mapped” to
determine the weakest points.

In principle, the microbiological validation could concentrate only on the weakest
points, but it is advisable to challenge several spots to confirm that the weakest spots
have been correctly chosen.



6.9. Develop a Protocol for Validation Testing

6.9.1. Test Methodologies for Microbiological Validation of Sterilization
Processes

6.9.1.1.

6.9.1.2.

6.9.1.3.

In general, microbiological validation provides evidence that the
processes applied for machine and package sterilization deliver a LCR
higher than a stated target value for a suitable test organism.

There are a variety of test methods that may be used for
microbiological validation of any sterilization process. References are
available that provide more detail on these methods. Generic
information is provided in this document for the most common
microbiological validation test methods.

Count Reduction Test — The Count Reduction test is based on knowing
the initial count on the inoculated carrier/substrate and then recovering
and enumerating the number of microorganisms that have survived the
sterilization process. This method requires the presence (recovery)
and enumeration of surviving test microorganisms. The experiment
should be designed so that the colony forming units are in the
countable range when the target LCR is achieved. Absence of
surviving organisms indicates that the target LCR has been exceeded.




6.9.1.4. End Point Test — The End Point test is based on exposing inoculated
carriers/substrates with known initial counts to the sterilization process,
iIncubating the carriers/substrates using appropriate methods (e.qg.,
media and growth temperature) and observing for growth of surviving
microorganisms. A binary response—growth or no growth—is
obtained, where “no growth” implies sterility of the sample. Estimation
of mean survivor load is done using statistical tools when several
replicate samples are available, some of which show growth. This
method can also be applied to a single inoculated sample; in that case,
no growth (sterility) of the sample is required for the test to be
considered successful though the uncertainty associated with the
binary information should be taken into account.




6.9.2. ldentifying the Target Organism and the Target Log Reduction

6.9.2.1. The purpose of microbiological validation is to demonstrate that
commercial sterility is achieved.

6.9.2.2. The identity of the target organism for the specific sterilization process
and the required logarithmic cycle reduction must be determined,
justified and documented.

6.9.2.3. The target organism is the pathogenic microorganism of public health
concern that is most resistant to the specific sterilization process being
employed.

6.9.2.3.1. Clostridium botulinum has historically been considered the target
organism for sterilization by moist heat, dry heat, and peroxide
sterilization technologies.

6.9.2.3.2. For some sterilization technologies, more than one target organism
may also have to be considered, for example, Bacillus cereus.



Sterilization Process

Common Surrogate
Microorganisms

Comments

Saturated Steam/
Superheated Water

Superheated Steam &
Dry Heat

Hydrogen Peroxide +
Heat

Hydrogen Peroxide + UV

Peroxyacetic Acid

Clostridium sporogenes
Geobacillus
stearothermophilus

Geobacillus
stearothermophilus
Bacillus polymyxa
Bacillus atrophaeus’

Bacillus atrophaeus’
Bacillus subtilis

Bacillus atrophaeus’
Bacillus subtilis

Bacillus atrophaeus’
Bacillus subtilis SA 22

This sterilization process is unlikely to apply to the
aseptic filler. Product pathway is a possible exception.
Use of G. stearothermophilus, a thermophilic
microorganism, is advantageous in that it eliminates
and/or reduces the need for aseptic technique when
recovering exposed carriers.

Microorganisms listed are used when mode of
microbiological inactivation is dry heat.

It is customary to use spores of these organisms when
testing the effectiveness of packaging sterilization
devices utilizing PAA (VDMA, 1997). No generally
accepted surrogate organism has yet to be identified
for compliance with US FDA regulations.
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Devices
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5.2 Test method

i) Investigation of the critical process parameters prior to the test run is recommended (e.g.
concentration of the hydrogen peroxide, temperatures)

i) Provision of at least 25 packaging units” which for the test have been inoculated under the
same conditions. Each packaging unit has an initial microorganism count of at least 10° spores for
the test.

i) Determination of the initial count IC for 5 artificially infected packaging units from ii). To get
out the microorganisms from the inner surface of the containers, they are rinsed with a test
medium. On sheet packaging the microorganisms are removed by swabs in accordance with DIN
10113-2. Determination of the recovery rate RR in accordance with the following formula:

RR=1/5(z(ICy/IC))*™100
IC;: empirically determined initial count for packaging uniti; i=1, .....5
IC: theoretical initial count.

iv) Setting of the specified machine parameters. It is advisable for the machine manufacturer
and the machine operator to jointly agree the parameters.

V) Introduction of at least 20 infected packaging units into the filling machine. In multiline filling
machines the infected packaging units have to be uniformly distributed across the individual lines
with the filling line to be mentioned on the individual packaging units. When there are more than 2
lines it has to be ensured that at least 10 packaging units can be investigated on each line. The
total number of packaging units to be introduced has to be correspondingly increased.



V) Introduction of at least 20 infected packaging units into the filling machine. In multiline filling
machines the infected packaging units have to be uniformly distributed across the individual lines
with the filling line to be mentioned on the individual packaging units. When there are more than 2
lines it has to be ensured that at least 10 packaging units can be investigated on each line. The
total number of packaging units to be introduced has to be correspondingly increased.

Vi) Carrying out the test run. If possible the packaging units should be filled during the test run
to 25 % of the nominal filling volume with sterile skimmed milk cooled to room temperature or a
sterile, pipettable or filterable liquid. The packaging units are to be cooled immediately after filling.
The test data are then documented.

vii) If during the test run the packs are not filled with a test medium the sterilized packaging
units are to be passed on as quickly as possible after the test run for microbiological analysis in
order to avoid falsification of the test results.”

viii) Determination of the survivor count (SC) for each of the artificially infected packaging units.

iX) Calculation of the microorganism count reduction (for worked example see Appendix Il).



Code of Practice

Testing the Effectiveness of Aseptic Plants Fitted with Packaging
Sterilization Devices

Mean logarithmic count reduction =
log(initial count) — log(Final count) =
log(IC) - log[((1/PU)*ZSC,)*100/RR]

PU: Total number of artificially infected packaging units examined

In the case of multiline filling machines analysis of the results from the individual lines is
recommended.

X) The test yields a positive result when for each line investigated at least the mean count
reduction previously set is achieved.



6.1 General procedure

In the end-point test the packaging is also artificially inoculated with test microorganisms as in the
count reduction test but in this case in three graduated infection stages each being greater by a
power of ten than the one before.

The main difference with respect to the count reduction test is that in the end-point test the
artificially infected packaging is filled with a sterile culture medium matched to the test
microorganism and after an incubation phase only the number of unsterile packaging units is
determined. Beyond the effectiveness of the packaging material sterilization the end-point test
provides information about the entire process from supplying the product and filling through
recontamination-free closure of the packs.



6.2 Test method
i) Performance test using packaging units which have not been artificially infected” (optional).

i) Provision in each case of at Ieast 100 packaglng units selected for the test each unit having
an initial microorganism count of 10°, 10° or 10" spores of the test microorganism.™ "

iif) Uniform distribution of the packaging units over the packaging lines in the case of multiline
filling machines.

V) Setting of the predetermined machine parameters. It is advisable for the machine
manufacturer and the machine operator to jointly agree the parameters.

V) Test run using the test medium (e.g. sterile skimmed milk or a culture medlum matched to
the test microorganism). Incubation of the closed packs (at least one week at 30 °C)™. The number
of unsterile packs is then determined . Unsterile packs are to be investigated with regard to the
microorganisms which occur.™

vi) Determination of the mean logarithmic c-::nunt reduction for each of the three levels of
contamination according to the following formula™ (for worked example see Appendix I1):

Mean logarithmic count reduction =
log (Initial count per pack) — (log In (Number of packs tested/Number of sterile

packs))

Vi) The test yields a positive result when at least the previously established value for the mean
count reduction is achieved for each test series.
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4.2 Test method

i) Prior to the test the points in the sterile zone of the machine interior relevant for sterilization
and hence to be checked have to be identified. In doing so the involvement of the machine
manufacturer is advisable.

i) Preparation of the required numbers of test strips respectively inoculated with 10°, 10* and
10° microorganisms (for instructions see Appendix I1).

iii) Introduction of the test strips into the clean and dry machine paying particular attention to
the relevant positions for sterilization identified under i).



Appendix |
Test microorganisms for aseptic plants

Survey by Bernard et al. (1990)

Sterilization method Test microorganism
Superheated steam Bacillus stearothermophilus
B. polymyxa
Dry heat B. stearothermophilus
H,O, + heat B. subtilis A or B. subtilis var. globigii
H,O, +UV B. subtilis A.
Heat of formation B. stearothermophilus
Gamma radiation B. pumilus
Wet heat B. stearothermophilus
Clostridium sporogenes
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3.1 Case study: “Liquid and air pockets”

Aur pocket
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3.3 Case study: “Cleaning silhouette”

In a length of pipe of relatively large cross section which is filled at the start of production an air
pocket forms during production due to outgassing from the product. This can give rise to “cleaning
silhouettes”™ during cleaning.

Air accumulating during
production in the upper length

of pipe can result in cleaning
silhouettes




3.4 Case study: “Change in pipe cross section”

When narrowing or widening of a pipe is incorrectly carried out water pockets or air bubbles may
form. There is the risk of cleaning silhouettes in zones of low turbulence.

Fipe widening Oﬂ i x\ \Q
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Transitions of inherently correct shape form an undrainable water
pocket due to incorrect installation position.



3.5 Case study: “Dead lengths of pipe”

"Death length of pipe"

Lengths of product line which, for
example, are brought into operation
only during a cleaning phase fill up
with product on starting up again
under sterile conditions and this
remains enclosed there for relatively
long penods of time.



3.8 Case study: “Dead spaces”
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Problem:
In the dead spaces the exchange of liquid with the main stream
is inadequate.

The consequences are:

* long residence time for the product

+ cleaning silhouettes

« risk of accumulation of product residues.

All of this favors microorganisms being left behind which may
grow later.
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1. Coordinating aseptic food processing operations

Aseptic processing and packaging consist of several operations that need to work safely concurrently, and any misstep can
end in an unsafe product. Every part of the system—from the utilities, ingredient dosing, batching and mixing, to the control
and data recorder—must be fit for purpose and perform as designed at all times. It is necessary to have a plan to validate,
verify and control maintenance and changes made to each of these units to ensure the safety of the products.

2. Filing with the FDA

Each product must be filed with the FDA. The filing documents must contain these components:

« The thermal process,
* equipment sterilization and maintenance of sterility,
+ filling and packaging machine validation

« and final product, which has been validated using a combination of microbiological and physicochemical tests.

This follows a comprehensive food safety plan which includes very thorough record-keeping of the critical factors. Be sure you

are monitoring and recording data from all your critical control points (CCPs). There are typically five in aseptic processing,
which we covered in the previous post.

3. Testing your aseptic food process for quality assurance

While products made under the filed conditions are in principle safe, it is normal practice to test a few samples for positive
release; the sampling program has to be agreed upon beforehand. Typically, a few samples are incubated in a hot box for
seven to fifteen days to make sure there are no off-orders or observable package bloating. Even though the aseptic processes
are validated, it is a good idea to have the in-house microbiology lab perform aerobic plate count (APC) and yeast/mold tests
to rapidly detect defects in post-processing and package closures. If your product is low acid, then the QA tests should include
mesophilic and thermophilic anaerobic spores, which are the hardest to eliminate and the ones that have the potential to
produce Clostridium botulinum.

https://www.crbgroup.com/insights/product-safety-aseptic-food-processing
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Common Aseptic Validation Protocol

4. Low Acid Versus High Acid Products

= This guideline distinguishes between procedures for low acid products and high
acid products (according to the FDA definition).

= Low acid products : pH > 4.6
= High acid products : pH < 4.6

= If a low acid validation is passed, the line is also validated for high acid products,
if all parameters of the aseptic block remain the same.

Editor: 5. Fischer Date: December 2010
Status: TC3 - Internet
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Common Aseptic Validation Protocol
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5. Validation Medium

= If the intention is to sell the tested production volume once the aseptic system has
been validated, the infrinsic quality of the product must follow the customer's
specifications.

= For the microbiological validation of low acid aseptic lines, a culture medium is
used to enable visual inspection. Alternatively, the customer's product may be
used, e.g. UHT milk or others.

= For the microbiological validation of high acid aseptic lines,
a clear product (e.g. apple juice) is used to enable visual inspection.

Editor: 5. Fischer Date: Decembar 2010 7
Status: TC3 — Inlarnat
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6. Thermal Treatment of the Product

= As heat treatment for high acid products is not sufficient for killing all kinds of
microorganisms, including heat resistant spores, the temperature/time regime
affects the final results of the validation. It is recommended to apply the highest
temperature and longest holding time the process unit allows for in order to
minimize this influence. For heat treatment explanation, see appendix 3.

= |tis recommended to detect thermophilic spore formers in the raw product just

before the heat treatment as well as in the aseptic storage tank and in the filled
bottles.

Editor: 5. Fischar Date: Dacembar 2010 8
Status: TC3 — Internat
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7. Sample Size

The validation is based on three runs of the dedicated numbers of bottles and product.

Low acid products3 High acid products
3 times 10,000 bottles 3 times 30,000 bottles
Editar: 5. Fischer Date: December 2010 =]

Status: TC3 - Internet
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8. Validation Sequence

Three consecutive days are chosen to run the tests according to the
following sequence:

1st day
CIP/COP SIP/SOP SIP/SOP SIP/SOP
Run dedicated number of bottles Run dedicated number of bottles Run dedicated number of bottles
CIP/COP CIP/COP CIP/COP

For definitions of CIP/COP/SIP/SOP, see appendix 3

Editor: 5. Fischar Date: Dacambar 2010 10
Status: TC3 — Internat
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9. Fill Level of the Bottles

= Half fill the bottles in order to shorten the incubation time because of a higher
oxygen

level in the headspace.

= |f bottle handling (transport, stacking) is critical, the fill level may be increased up
to the necessary value, e.g., 80% of the nominal volume.

= If nitrogen is used in commercial production, the validation should also include
nitrogen dosing.

= |f the customer wants to have sellable product, the bottles may be filled with
product up to the nominal volume.

Editor: S. Fischer Date: December 2010 1
Status: TC3 - Internet
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10. Incubation Time and Temperature

High acid

Fill level

Half filled
bottles with or
without liquid

nitrogen

7 days of
incubation
@ 30-32° C

14 days of
incubation
@ 25-30° C

80 % filled bottles
with or without

liquid nitrogen

7 days of incubation
@ 30-32° C

14 days of
incubation
@ 25-30° C

Completely
filled bottles
without liquid

nitrogen

7 days of
incubation
@ 30-32° C

14 days of
incubation
@ 25-30° C

ABMI
e

Association of the Beverage
Machinery Industry

Completely filled
bottles with liquid

nitrogen

7 days of
incubation
@ 30-32° C

21 days of incubation
@ 25-30° C

Editor: 5. Fischer
Status: TC3 - Internet

Date: December 2010
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11. Storage Conditions (for Low Acid Products)

a) For low acid products

= In case of culture medium or clear product in clear bottles, all 30,000 bottles are
visually inspected after 7 days of incubation at a temperature of 30° -32° C.

= In case of turbid product in clear bottles, all 30,000 bottles are visually inspected
after 7 days of incubation at a temperature of 30° —-32° C. Additionally 1,000
bottles per run are checked for pH.

= In case of non-transparent bottles, 30,000 bottles are visually inspected after 7

days

of incubation at a temperature of 30° —32° C. Defective bottles change their size
or their

shape (gas production or vacuum generation). Additionally 3,000 bottles per run
are

checked for pH level.

Editor: S. Fischer Date: December 2010 13
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Common Aseptic Validation Protocol

\\

11. Storage Conditions (for High Acid Products)

b) For high acid products

= Half filled or completely filled bottles are stacked on pallets and stored in a
secured place at constant temperature of 25 to 30° C for 14 days. All 90,000
bottles are visually inspected.

= Half filled bottles with liquid nitrogen treatment are stored at constant
temperature of 25 to 30° C for 14 days. All 90,000 bottles are visually inspected.

= Completely filled bottles with liquid nitrogen treatment are stored at constant
temperature of 25 to 30° C for 21 days. All 90,000 bottles are visually inspected.

Editor: S. Fischer Date: December 2010
Status: TC3 - Internet
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Common Aseptic Validation Protocol
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12. Inspection
= After storage, all the bottles are visually inspected.

= Only hermetically sealed packages are taken into consideration
where the integrity has been assured during all the production steps.

Editor: 5. Fischer Date: Decembar 2010 15
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13. Evaluation

= All packages failing microbiological testing are to be saved for package integrity
testing.

= If a contaminated bottle is found, microbiological identification is carried out in
order to determine the origin of the contamination. Especially heat resistant
spore identification must be carried out in order to exclude microorganisms
coming from
the raw material that may have survived thermal processing.

Editor: 5. Fischar Date: Dacembar 2010 16
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14. Acceptance Criterion
Acceptance Criterion
= The test is accepted if not more than one defective bottle per run is identified.

= Statistically, zero is not defined. This is the reason why zero defects out
of a certain amount of bottles can not be proven.

Editor: 5. Fischar Date: Dacembar 2010 17
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Common Aseptic Validation Protocol

15. Acceptance Steps

Validation

passed

Validation
passed

No. of

defects

Small

failture = 3

Repeat
all trials

Adjust

systam

Big Repeaat
Failure = 3 all trials

Repaat
all traials

Adjust

systemn

Reapaat
all trials
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Appendix 2: Initial Bioburden of Packaging Material_-

Microbiologic raw packaging material evaluation:

Before using packaging materials such as preforms, caps or bottles, the initial bioburden will be evaluated. This
evaluation will be carried out on 10 units of the packaging material sampled in accordance with good laboratory practice.
Preforms or caps will be placed in sterile vials filled with a sterile recovery liquid based on pure sterile water containing

1 %o of Tween 80.

Inside the bottles:

Fill 100 ml of the recovery agent in the bottle and close it with a sterile cap.

Complete bottles:

cut the bottles in different parts under aseptic conditions in order to be able to place the pieces in a sterile container. Then

proceed as with caps or preforms. After shaking, the recovery liquid is filtered on a membrane that will be incubated on a
Plate Count Agar for 5 days at 30° C.After incubation, the CFUs will be counted.

Type of packaging material Total CFUs Total CFUs
Complete preforms Average <10 Maximum: 50

Complete caps Average <10 Maximum: 50

Inside bottle Average <10 Maximum: 50

Complete bottle Average < 20 Maximum: 100

Editor: S. Fischar Date: Decembar 2010 21
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= cleaning in place

Association of the Beverage
Machinery Industry

CIP means automatic cleaning of internal parts of pipes, vessels, etc. by means of liquid
products (e.g. appropriate chemicals)

COP means to us: cleaning of external surfaces inside an isolator by means of liquid
products (appropriate chemicals)

T

Areas for
COP

L L
FITPIITF 7P P77

= sterilization in place
SIP means automatic sterilization of internal parts of pipes, vessels etc. by means of

appropriate methods

= automatic sterilization of external surfaces inside an isolator by means of
sterilants, disinfectants or other appropriate methods

Editor: 5. Fischar Date: Dacembar 2010
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Appendix 4: Integrity Test Packaging Material

Procedure using electrical conductivity

The packaging tightness test is performed to detect potential leaks on bottles closed
with caps or aluminium foils by means of measurement of electrical resistance.

Equipment, instruments and reagents used
= City water with a measurable conductivity
= Tester for measuring the resistance. The apparatus must reach 2000 MQ.

Prerequisites

= Define the quantity of bottles required for performing the test (at least 100).
= Define the cap application torque using a specific dynamometer.

=  Each bottle must be cut without damaging the closure.

Editor: 5. Fischer Date: December 2010
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Appendix 4: Integrity Test Packaging Material
Procedure
Each bottle must be cut and soaked in standard city water.

Fill each boftle with approximately 100 ml of the same standard city water.

Use a tester, set the resistance measurement modality to 2000 MQ and insert one of the

electrodes into the bottle in contact with the city water and the other one into the bath |

outside of the bottle. T 1

Since the two environments - the one inside and the one outside the bottle - are separated, ITInT

the tester shows an infinite resistance called “not readable/out of range”. Wi

The first measurement must be carried out 10 minutes after start. The bottles remain in the }'fﬂ"( %
bath for 72 hours. During this period, some measurements are performed before the bottles B
are removed.

If the tester shows a readable value, there is a connection between the inside and the Mo leak is accepted in this
outside of the bottle. This is considered an untight package. trial of 100 bottles

Editor: 5. Fischer Date: December 2010
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Appendix 5: Inoculation Methods for Packaging Material

Preparation of spore suspension

Inoculation methods for packaging material need to be carried out professionally in order to achieve
indisputable results.

General considerations regarding spores

=  Bacteria or mould spores should come from a germ which is listed in an official type culture
collection and commercially available.

= Different, independent spore suspensions suppliers should be available.

= The spores need to be prepared in a water suspension free from salts and organic material that
could provide a residue during drying.

= Spore dilutions need to be prepared in pure sterile water. No Ringer’s solution may be used.

= Mould spores need to be free from organic cultivation material. Normally, the spore suspensions are
washed 3 to 4 times and centrifuged in order to remove any kind of foreign matter.

Editar: 5. Fischer Date: December 2010 25
Status: TC3 - Internet



ABMI
———

Association of the Beverage
M Machinery Industry

Appendix 5: Inoculation Methods for Packaging Material

There are three different methods for the inoculation of the packaging material:

Thé.dot has a volume of 10 pl and is placed on the surface of the material to be tested

with a micropipette. When starting from a defined concentrated spore suspension (e.g.
108 spores/ml), dilutions will be prepared in order to obtain the final correct concentration
level of spores. The inoculation area will be marked with a circle.

Multi-dot inoculation:

The dots will have a total volume of 10 pl and are placed on the surface of the material to
be tested with a micropipette. When starting from a defined concentrated spore
suspension (e.g., 10® spores/ml), dilutions will be prepared in order to obtain the final
correct concentration level of spores. The sum of the individual dots concentration will be
equal to the concentration level that is required. If the final level is 10,000 spores and 10
dots are placed on the material, each dot will have an amount of 1,000 spores. The
inoculation area will be marked with circles.

A sprayer that delivers a constant volume and a homogeneous fine film will be used to
inoculate the inside of the packaging material. The difficulty is the homogenous
distribution

of the inoculant. Operator training is required.

Editar: 5. Fischer Date: December 2010 26
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Appendix 6: Test Spores

= Spores of Bacillus atrophaeus ATCC 9372 are recommended for PAA and H,0,
systems. More used for low acid products and surface decontamination trials.

= Spores of Aspergillus niger ATCC 16404 are recommended for PAA, H,0, and
UV-light systems. Mostly used as the mould reference in the industry. More
dedicated for high acid products.
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